We describe a new strategic stepwise mapping approach for fast and accurate identification and ablation of ectopic atrial foci using an electroanatomic mapping system.
Introduction
Ectopic atrial foci giving rise to paroxysmal supraventricular tachycardia may be located at any site within the three-dimensional body of the right or left atrium as well as on either side of the inter-atrial septum. Different strategies have been applied for radiofrequency catheter ablation of ectopic atrial tachycardia including activation and/or pace mapping with single or double mapping catheters [1] [2] [3] [4] [5] [6] [7] . An important relation between the atrial anatomy and the distribution of ectopic atrial foci has been elaborated using conventional fluoroscopic mapping. This has led to the investigation of direct endocardial visualization by intracardiac echocardiography [8] . Recently, new mapping and/or positioning technologies have been introduced into experimental and/or clinical electrophysiology [9] [10] [11] [12] . In the present study, a new strategic stepwise mapping approach for fast and accurate identification of ectopic right and left atrial foci using an electroanatomic mapping system is described. Using this approach, a few mapping points are sufficient to identify the area of interest followed by high density mapping together with electrogram analysis, leading to successful catheter ablation in any area of either atrium.
Methods

Patients
The study population consisted of 32 consecutive patients (23 women, 9 men) with a history of supraventricular tachycardia suggestive of ectopic atrial tachycardia who were referred to the Heart Center of the University of Leipzig for electrophysiological evaluation and catheter ablation. Mean patient age was 46·6 22·4 years (range, 12-79 years). Co-morbidity was present as coronary artery disease in four, hypertension in 13, diabetes in six and thyroid disease in five patients, respectively. Six patients presented with an incessant form of atrial tachycardia. Three of these patients had already developed a so-called tachycardiomyopathy.
Electrophysiological study and electromagnetic mapping system
Having obtained written informed consent, an electrophysiological study was performed in the fasting, nonsedated, drug-free state. Conventional multipolar electrode catheters were positioned in the high right atrium, His bundle area, and right ventricular apex. Programmed atrial stimulation and/or constant rate atrial pacing without or with isoproterenol infusion were used for induction of ectopic atrial tachycardia in the patients in whom the arrhythmia was not incessant. Standard criteria were used to diagnose ectopic atrial tachycardia and to differentiate it from atrial re-entrant tachycardia.
The electromagnetic mapping system (Carto, BiosenseWebster) has been described in detail previously [9] . The ablation catheter was advanced into the right atrium under fluoroscopic guidance and, if necessary, into the left atrium after trans-septal puncture. A multielectrode catheter placed in the right atrial appendage served as a reference catheter for activation time.
Electroanatomic mapping strategy
The mapping approach started with the acquisition of four to five anatomically defined sites at the superior and septal part of the tricuspid annulus. The mapping procedure was strategically continued according to this initial activation sequence. If the initial '4-point activation map' showed earliest activation at the superior aspect of the tricuspid annulus ( Fig. 1) , mapping was continued towards the free wall of the right atrium including the crista terminalis. In cases in whom earliest activation within the four-point area was found at the septal aspect of the tricuspid annulus (Fig. 2) , the map was expanded to the triangle of Koch and the paraseptal space.
In general, no whole chamber maps were performed. Instead, a limited number of mapping points were used to identify the target areas carrying the ectopic foci. The identification of the area of interest was followed by high density mapping of this area together with conventional electrogram analysis. The earliest point within this target area was identified by the activation map in combination with an analysis of the unipolar and bipolar electrograms. If the unipolar electrogram showed a clear 'QS-morphology' and an early bipolar activation time, this point was selected for ablation. The catheter was re-navigated within the three-dimensional target area map to this earliest point and radiofrequency ablation was performed (Fig. 3 ). In cases with two or more active foci, activation maps were performed for each focus.
If the unipolar electrogram of the point of earliest activation at the right interatrial septum or at the high posterior wall still showed a significant R wave, or radiofrequency ablation at that site was unsuccessful, a left sided arrhythmia origin was assumed and the procedure was extended to the left atrium for dual chamber maps (Figs. 4 and 5).
The procedure was considered successful if the ectopic atrial tachycardia terminated during energy application and were rendered completely non-inducible thereafter.
Follow-up
Follow-up assessment was performed by the supervising cardiologists. In case of arrhythmia recurrence, a repeat electrophysiological study was recommended.
Results
Foci localization
In 30 of the 32 patients, ectopic atrial tachycardia with 34 distinct foci were inducible and underwent electromagnetic mapping. In one patient each, only non-sustained single ectopic atrial tachycardia and nonsustained multifocal ectopic atrial tachycardia could be induced, respectively. The 34 foci were located at the free wall of the right atrium (n=16) (Fig. 1) , at the free wall of the left atrium/pulmonary vein area (n=8), and at the interatrial septum (n=10) (Fig. 2) . The right free wall foci were located at the crista terminalis (n=8), in the right atrial appendage (n=4), and below the coronary sinus ostium (n=4). The left atrial foci were located in the left atrial appendage (n=2), between the left inferior pulmonary vein and the mitral annulus (n=3), within the right inferior pulmonary vein (n=1) (Fig. 5) , and in the ostial area of the right superior pulmonary vein (n=2). In four of the 10 foci that were located at the inter-atrial septum, the foci were ablated from the left side of the interatrial septum (Fig. 4) . In three patients, more than one active focus was identified (two foci in two patients each, and three foci in one patient).
Ablation data
Thirty-three of 34 foci were ablated successfully with 3·6 4·4 radiofrequency pulses (range, 1-12 pulses). In a 14-year-old girl, ablation was not attempted because the 
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arrhythmia origin was located directly in the area of the distal compact atrioventricular node (Fig. 2) . Using this stepwise mapping strategy, successful localization and ablation of the ectopic foci was performed with a procedure time of 90 41 min for right sided foci and 148 68 min for left sided foci with acquisition of 21 14 and 39 28 mapping points, respectively. Fluoroscopy time measured 9·6 7·2 min for right sided foci and 24·8 16·4 min for left sided foci including placement of conventional catheters and trans-septal puncture if necessary.
Complications and recurrences
No procedure-related complications were observed. During a follow-up period of 16 9 months, arrhythmia recurrence occurred in one patient with a left sided focus and the patient underwent successful re-ablation.
Discussion
Main findings
In the present study, a new strategic stepwise mapping approach for fast and accurate identification of ectopic right, left, and septal atrial foci using an electroanatomical mapping system was developed. Using this approach, a few mapping points were sufficient to identify the area of interest followed by high density mapping together with electrogram analysis, leading to successful catheter ablation in any area of either atrium. The strategic construction of 'area of interest' maps instead of 'whole chamber' maps including the delineation and integration of anatomical and electrical landmarks was facilitated by the electroanatomical mapping system. Detailed mapping within the area of interest including construction of bi-atrial septal activation maps could be performed with limited fluoroscopic guidance. Individual activation maps for each active focus allowed mapping in patients with more than one ectopic focus.
New technologies for mapping of ectopic atrial tachycardia
The elaboration of the relation between the atrial anatomy and the distribution of ectopic atrial foci as well as the difficulty of fluoroscopically guided mapping within the three-dimensional space of the atria has led to the investigation of direct endocardial visualization with intracardiac echocardiography [8] . Intracardiac echocardiography was found to be helpful for activation mapping in relation to anatomical structures, such as the crista terminalis. However, 'noncristal' ectopic atrial tachycardia in different right atrial areas, such as the paraseptal space and the left atrium were more difficult to investigate with this technology. The use of a novel multi-electrode basket catheter was recently evaluated for right atrial tachycardias [13] . Simultaneous multielectrode mapping aided the rapid identification of target areas within the right atrium, although critically important regions of the right atrium including the paraseptal and isthmus region as well as the right atrial appendage could not be covered with the basket catheter. In addition, the usefulness of the basket catheter in left atrial tachycardias seems to be limited.
Recently, new mapping and/or positioning technologies have been introduced in experimental and/or clinical electrophysiology [9] [10] [11] [12] . So far, clinical data investigating the use of simultaneous non-contact mapping or the use of the LocaLisa system in ectopic atrial tachycardia are scarce. Preliminary mapping data in patients with ectopic atrial tachycardia using electromagnetic mapping have been described recently for a limited number of patients [14] [15] [16] [17] . In contrast to previous studies, a stepwise strategy was developed for right and left sided ectopic atrial tachycardia in the present study to avoid time consuming whole chamber maps. In all patients, the mapping approach started with the acquisition of four to five anatomically defined sites at the superior and septal part of the tricuspid annulus. The mapping procedure was strategically continued according to this initial activation sequence and reliably differentiated between ectopic atrial tachycardia arising from the free wall of the right atrium including the crista terminalis and the right atrial appendage from ectopic atrial tachycardia arising from the triangle of Koch and the paraseptal space as well as from left sided ectopic atrial tachycardia. This strategy was found to be reliable, fast, easy to apply, and accurate as indicated by the low number of mapping points that were acquired, the high success rate, the short procedure times and the short complete fluoroscopy times including bi-atrial maps after trans-septal puncture in one third of the patients. The infinitely variable angulations of the electroanatomical system that allow individually optimized projections for mapping of the target area, the display of the tip and distal shaft of the ablation catheter in six degrees of freedom, the potential for precise re-navigation to predetermined sites within the 3-D space of both atria, and the display of bi-atrial maps in tachycardias with a septal origin were all found to facilitate identification of ectopic atrial tachycardia origin in whatever region of both atria. 
Study limitations
In the present study, 32 consecutive patients were included. Ectopic atrial tachycardia are a relatively small subset of supraventricular tachycardias undergoing radiofrequency catheter ablation and, thus, randomized studies comparing new technologies with conventional mapping techniques are difficult to perform in this particular type of arrhythmia. Future studies will shed further light on the relative merits of novel mapping technologies for radiofrequency ablation of various arrhythmias with respect to clinical usefulness as well as with respect to economic resources. 
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